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(54) Ink jet recording method 

(57) An ink jet recording method capable of provid- 
ing an image having a good quality is disclosed. In the 
ink jet recorcfing method, a reaction solution and an ink 
composition are used to conduct printing on a recording 



medium. The reaction solution comprises a polyvalent 
metal salt and an ink conpostoon comprises a pigment 
and a resin emulsion. 
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Background fa 

quality can be realized at S ^wTa 6 ** an ^ 8 hi 9" re6olutio " * high 

the ink jet recording JmS^m^^^!^ *• ink CO ^ osrti0 " 

^X'nSa^^ ^ new method corrpr.es apply- 

ing at least one ca^™» C Ja^t2 P^T, *" ** com P° sifc " «^™ng a dyehav- 
polyvalent metal iore3,?3h fte'd^T^^L^ 56 " ^ 202328/1 "3)- According to this method, 
resis^ea^ahighaS^^SX ^ e ~^ rte ^ an Image hanng wateP 

ates with the salt to caiL *ic£^ ^"^on with a black ink which cooper- 

* c^andfreefrom^ 

two liquids. i.e.. a first liquid conZingtX^^^2l ?J^ 1 ^ **** 6pedfiC * l » h «* melhod - 
image. «>n<ng a san and a second IkjuxJ of an ink composrtion, are printed to provide a good 

SUMMARY OF THE INVFMTmu 

wherem the reaction solution comprises a polyvalent metal salt and 
wherein the ink composition comprises a pigment and a resin emulsion 

M>"«ii »» itacton souon compiling a pofrvdM mala* and 

salt is 1 or more, and »t*»»™issucntnattne weight ratio of the polyol to the polyvalerrt metal 

"""J" Composition composes a colorant and a resin emulsion 
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wherem the reaction solution comprises a polyvalent metal salt and' 

lTr^^T° n C ° mPriS ? 8 COl0ram - and an emulsion * « thermoplastic resin . 

BRIEF DESCRIPTION OF THE nRAwm^ 

Fig. 1 shows an embodiment of the ink jet recordina aoDaratus a««irtin« ^ 

30 DETAILED DFSORIPTIOM of Tur iNVFunmu 
Inkietrecoiriinnrpftfh^ 



EP0739743A1 



mNAn. not more than 35 mNAn wrth the surface tension of the ink composition being 40 to 55 

^J?* re9ardl8SS ^^S^Teac^^on ' 10 

ing to another preferred embodiment of the oresent ir™«Z ^ , . tne ink composition. Accord- 

aviscosity at 20X in toe ranged 

preferably, the viscosity of the w^LtZl ;? tl™?* pfeferaUy ,n the range of from 1.5 to 6 mPa.s. Further 
viscoTo, one 3E^3£ 2£ ink^S " ^ * the ink composition. For exarnp.e ttTe 
« is advantogeous in fha^b^TrSon S^onCrjL^lSf to 20 ™ * that of the other oTe. This 
ing head, the construction of the recoZ? S^ElTlS * COmposrt,on 8,9 through an ink jet record- 
with that for the ink corrposrtiorT 9 ' "* C " a * 106 reach ' on ^on may be identical 

PoslX^r^ 
« step of heatng a recording medium ^int^e^^^^ " ^ *• 

temperature is provided M sonening temperature of the thermoplastic resin or a higher 

pletjon of the printing and the initiation of te i^ Ztl ^^ZL Certa,n P 6 " 0 " <* *"» oetween the com- 
* medium by virtue of an interaction between ftefelm^^^ be fully fixed onto the recording 

lowed by heafing toformafilmofapn ^ 

resistance). Further, the embodiment % (for exam P le - lin * "irking 

recording head can be physically s2m S J*** P"""" 9 fe ^^Seous in that since the 

as compared wHh the SS^^^S^^^ ***** * Btely toattec,,he recording head, 
imen, wherein heatingT^* TSSS^Sf^'T^ ^ 0Ut ^ in »» 
deceased in o^ertoensure me «me for attS^^ «» cases, 

heating is carried out after printing, the heatir^^ be irS^ fofj^^ ^ ^ in ^ "herein 
offering increased degree of freedom of mear^usSfoT^ea^Sne^nZK' S "^ 8 " 0 heatn9 area - 
tage that the printing speed can be increased "creasing the heating effect This offers an additional advan- 

°«"^asT^ 

Msec. « contemplated effect. However. rt.s generally about 0.1 to 60 sec, preferably about 1 to 

are appOed to a recordtog mecfcim. the 

« medium foltowed by toe appTca^^ 

ited thereon. AfterLiveK3ads ntav^STn^S r ^H> ™*«um wfth the reaction so.ut.on depos^ 
Printing the ink composition anJ ZSSo^SS °^ r6aCfon so,ution fe deposrted^ 

ately before or imrnedltely after™ e^on ^ "* aJm P° sition *"> together immedi- 

45 Reaction atuEOfj 

"JX£5S^^ ^ ^ in ^ 1 -Arises a, .east a potyvalent 

&?tCu* Nr*. Mg2* Zn^'K metallic ions, such as 

r. Br.aOs .arid CHafjfS • tnvalent metallic ions, such as Al*. Fe?-. and a*. Anions indude CI", NcJ 

«onLl^^^ 

^32!^^ as to aftain 

' morepreferaWy about 5^5%Vwd^ 



30 



35 



4 



EP 0739 743 A1 



10 



following formulae (ID, (III) and (IV): S« water. Such polymers .ndude. for example, those represented by the 



' 5 ~(-CH 2 CH 



20 



C"* (II) 
NH 2 



-4-CH 2 CH-)- 



n 



CH 2 (III) 



NH 3 V 
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CH 2 CH 2 

nh/x 
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^Zr"**™^^ 1 ™**** nHrate. phosphate, suHa* acetate 

^*fesuchthat1heweigmrafoofto^ 
*".accordir* to aprefen^^ 

than 10% by weight, more preferably aboU nTto^Z^£^^^^'^^^ 
Specific examples of preferred DrXr^^.^^ZT , ' ^ 00 m e reacfton solution. 

sample, monosaccharides, disaccharides ri^cS^S ^r®^? 68 0,;preferred P°'V* indudesaaharides, for 
other polysaccharides; preferaWyT^ tetrasaccharides). and 

fol. sorbifo, . maltose. ce^^^J^^^; ^"ose. Setose, afoonic acid ,.W 
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These polyote may be added alone or as a mixture of two or more Whon ~k„, 
or more, the amount of the mixture added is such that the wTaM ZfJ?^? P °' y0lS areuSedasa <* **> 
the polyvalent metal salt fe not less than 1 ^ total amount of the two or more polyols to 

co^h^ 
^concentratedduetoe«Ua^^ 

^^soh^soj^ deferred examp.es of high^oi.- 

hots such as ethylene glycol diethylene ofccol teZn 0 Tl connect,™ wrth the polyol, include potyhydric alco- 
giycol. butylenTg^T^^ *«* P"**Wl» glycol. pTopytene 

pane^M elhersofpolyr^^^ ^T"' ^^olethane, ^ trimethytolpro- 

diethyiene glycol 'rJ^'J^^^ZS^^^^ *« """^ 
glycol monomethyl ether, and triethyleneXd I rnS^S? ^^if* 1 " 16 fllyCo1 monobu1 y | triethylene 

to ^ b xs.re;2S"^ 

orgaS^XS^S^ ^SS2 ^T' 0 " ^^«^« .owning 
alcohol, isopropyt alcohol.^S JUSSS ^bl^^?*"" ^ metharw '- «hanol. "propyl 
particularlypreferred. Tr»i£^^ T* M'^fc aJcohoteSe 

amount of the low-boiling organic J^mSSS^^ ^f'" 9 *™ ** ^ me **■ The 
intorar^eoffromljftora^ 

lactams; alcohols such as methanol etenolSS i^^^^J^ 38 an,onic ' ca1ionic ' and amphoteric sur- 
as ethylene glycol m™«h^e^ ejhersof potyhydncateohofe. such 

9 *2cZe^ 
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R3 C— C= 



c P 

C C R4 
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W^ ^^ZZ^^^™* 1 Surfyno.82. Surfynd 

^ added a^a^naL^L^^" 9 * *' - ChemicateT.,. 
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component as a dispersed phase ItesTn water as a continuous phase and the following resin 
" styreneVbutadiene ^^^r^^^S^ ***** indude affyfic re8in - ** acetate resin 

acrylic resin, crosslink style Sn ^SSXSSl^T' reSin " -osslinked 

According to a preferred embodirne* ' ^ rean> al,cone "*m. and epoxy resin. 

hydrophilic ^ZXSESiS ^^ZTr^ 6 S? * 3 P**™ ^«"**-*n of a 

rtedsofarastheresincorrpoC^ 
« erablyabout5to100nm. emuision. it. however, rs preferably not more than about 150 nm. more pref- 

rene/acrylic resin may be^^bys^^^L^tl^T^ " r^ 0 " * *" aCry,ic resin " a st >" 
^""nttrmtionwHhsS^ 

factant used falls within the above range it is oossiW* tn ^11 J to 5 : 1 . When the amount of the sur- 

an image and good penetrability. ^^^^^^^^ ™**™> <" *™ <* 
surfactants (for example, sodium oWecvrfbenz^LZ^?^/ , Prefefred samples thereof indude anionic 
ene alky, ether suS: anionic s^^foTSSf a ^^Z^T™™ °* 3 po ^ e ^" 
a polyoxyethylene sorbitan fatty acid ester a Pof^SenSS^^fJ M ' a P 01 **^*™ alkyl ester, 
Polyoxyethylenealkylamide). Zb^Z'^S^ % ^ 8 P 0 *"***™ alkylarrtne. and a 
acetylene gfycd (OmNE Y^SS^Z J? I^JS^L?^ * also possWe to use 
Products and Chemicals Inc.). (a " 106 a" 0 " 6 P™ 1 ^ being manufactured by Air 

weig^ on ^Sr;^. 6 ^^^^ to^r 8 *,? ^ «> to 400 parts by 

resin, of water being preferred "* 1 °° * 200 parts by ""O^ based on 100 parts by weight of the 

frattheamoun^^^ 

from 1 to 25% by weight « .n tne range of from 0.1 to 40% by waght. more preferably in the range of 

.hef^r^ 

ions or polyallylamine a E££ FuS U^ST 1^ ** P^ent meS 

transition temperature of the thermoplastic ^TZ^eJ^S ^ ,emperature ^"9 the glass 

brings the viscosity of the IhermcplSc reL to ^ 0" to S^rS tfn!^^ ^ * e to"**"*" «»*h 
minimum film forming temperature (MR) in the form of an emuES ? thermoplastic resin, and the 
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ene, a polycarbonate, a polyvinylidene chloride resin a rAihii^ • , 

5 lanolin, paraffin wax. and microcryste^e ^* m *' ^ *** Vegetab,e waxes such as camauba wax. 

anesT^tiTpZS 

16006^991. and ^^J^Z^^J^J^^ Nos " 79678*99? 
According to a preferred entxSmeZfteSe^ S^ Q „ TT " ^ men6on - 
io acid derivative. Preferred examples TlZ^Z^SZT^ ? ^ 1Dosrti ° n comprises an alginic 

Potassium saft of alginicac^ f "* ^ 881,5 (far sodium salt and 

nate. 93 ac « satts (for example, tnethanolamme salt) of alginic acid, and ammonium algi- 

ment dispersed in an aqueous medium is adva^a^^^ * ?. 6 ,nk composition, the use of a pig- 
Dyes usable here^ude vario" ^^^^^^^ a oVedissotved in an aqueous mediSm. 
stuff dyes, basic dyes, reactive dyes. dispLe^vSdS 'S" 9 ^ 35 acid "** food ' 

Regarding the pigment, inorganic a5S£2?p£2E ^^^j rt '^ ,iBpen »^ 
the inorganicpigment include, in addition bSlSll!? any parhcular limitation. Examples of 
such as contact, furnace, and thermal pVoc^T^J^ T b * ^ Processes, 

lake, insoluble azo pigment. c^d^ST^ 

P^locyanine, perylene. PennorTa^X^ «°r ^ 

^^^^^ 

factant. Preferred dispersante include tt^Sm^T^ an aqueous med,um with the aid ofa dispersant orasur- 

PHjment function also as the dispersant and toesurfecS^l^ ^^ arrt in *» dispersion of the 

ordinary skill in the art. 6 surtactant ** lnk composition will be apparent to a person having 

sotve^C^is^^ 

not. ethard. n-propyl alcohol a ^ ^ and P"**"* «"areof include me^a- 

Monohydric ^^sr^o^^^l^^ SeC - Dutano1 ' isotutanol. and n-pentanS 

taken for drying the ink. ^ * ^ '^■ b0, " ng solvent has the effect of shortertngWne 

'"^n^^ tnejnk compost used in the pre^t 

ing organic solvents usable herein ZX^Z^^St^Z <* 
col. polyethylene glycol, polypropyler* tfyf^ 

glycol, glycerin. ttmettwSS^and E^ S^S^*' hexylene 
monomethyl ether, ethylene glycol monobutvl e^TJLl^ ?Y P°»yhydnc a" 00 " 018 , such as ethylene glycol 
ether. Methylene glyXonSSy. eZtShytne S^^lT^ die ^ ene ^ rnonoShy. 
■"■^rtywlmonob^ ,ne,hy,ene ^ ""noethyl ether and 

ethanolamine. ' ^n™ 1 '*™. N-methyl-2-pyrrolKJone; 1.3^niethy1-2-imidaa)lidinone; and tri- 

ther^r;r 2 ^ 

ably 0.5 to 1 0% by weight, more preferatjin^e rant is Pur- 

ine ink composition used infte mL£ iZ^T • * * based on the ink. 
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weJ^Tft^ 

Further, if necessary. pH adjusters, preservatives. antimoWs and the like may be added. 
Ink iet recordi ng apparatus 

aean.ng operation. The ink compoation sucked by the pump 1 1 is resorvoired in a waste ink tank 13 through a tube 

- -mposifor, a magenta ink ^S^J^SSS^ST * a * k 

: through nozzles 22. 23 24 arid 25 ^ ,nKCOm P°^on,ajxlablack.nkcc«ipc«*on are ejected respectively 

P's^ea embodiment of an ink jet recording apparatus wherein a hAator w h M *,v.„ « zZ 
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except that a heater 14 is additionally provided. Hie heater 14 maw ha m a ^n^^*. 

where the reaction slJ^ZZ^^Z^T ^ J COmpos,tIon stobe deposited and an embodiment 
sumption of the reacSSSon^ ^ 

some extent with respect to m^oJ w^e bo^Slnn ^f**ZT* h0 " Wer ' an is ^.Ved to 

other hand. Ibrthe^eXK^Z^T^ M ^ n ^^ ^conposition are deposited. On the 
the ink composition are d^SeSs Z^^T^ 2 ^ the «**" and 

inkconposLand, r^^'tnTa^tt of^^nf^^S ^ aocommodate the reaction solution and the 
used up earfier than theSn^Z^ WW ° n ^ * e reaction »• composition is 

m a colored state. H is possible to learn when the ink com^o^b^Tu^r^, 1 MmpOS *° n ^ 56 ,s 

that the reaction solution is used up earlier than th^S^^^^^ 18 TO P 0 **" 1 * 

can be stably conducted. The proton of sensor rn~nc ^ ' recording wherein two liquids are printed 

position and ,he reacttonsoL^ 

^■therr^nismisco^S 

mechanfem suffices to*£nl^^5^ ^ ' S the use of a simple 

In the above embodiment when a plurality of ink compositions are used the om ™„„ ^ . . 
used up earlier than the reaction solution" does not nJ~^rT^ 1 . * ex P resaon ™ e »* composition is 
in the tank when all the plurality <^k^orSr^ EES* m « n **P»« reaction solution should remain 
in me tank when anyone^ 

EXAMPLES 

.Ja^ex^^ 
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Cart)on black MA7 (manufactured by Mitsubishi Kasei Corp.) 
Styrene/acrylic add copolymer (dispersant) 

Vwicoat 4001 (acrylic resin emulsion, resin component: 50%, 
= 5 ° C - manufactured by Dainippon Ink and Chemicals. Inc.) 
Sucrose 
Maltrtol 
Glycerin 
2-Pyrrolidone 
Ethanol 
Pure water 



5% by weight 
1% by weight 
50% by weight 

0.7% by weight 
6.3% by weight 
10% by weight 
2% by weight 
4% by weight 
Balance 



for 2 hr. ^hereaftTSe^^S^?^J■I^^ rt ^ 1 • 5,lmeS • *°*™>«<*«* mixture) 

Black ink A-g 



30 



40 



45 



Carbon black Raven 1080 (manufactured by Columbian Carbon) 
Styrene/acrylic acid copolymer (dispersant) 

Mferoge! E-5002 (styrene/acrylic emulsion, resin component: 29 2% 

= about 80°C. manufactured by Nippon Paint Co.. Ud.) 
Sucrose 

Maftitol 

Glycerin 

2-Pyrrolidone 

Ethanol 

Pure water 



5% by weight 
1% by weight 
0.35% by weight 

0.7% by weight 
6.3% by weight 
10% by weight 
2% by weight 
4% by weight 
Balance 
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Black ink 
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Carbon black Raven 1 080 


5% by weight 


Styr ene/acryfic acid cooofvmpr frficnorcantt 


1% by weight 


Microgel E-5002 (resin component: 29.2%) 


3.5% by weight 


Sucrose 


0.7% by weight 


Martrtol 


6.3% by weight 


Glycerin 


10% by weight 


2-Pynrolidone 


2% by weight 


Ethanol 


4% by weight 


Pure water 


Balance 



20 

Black ink A-4 



25 


CI. Food Black 


2% by weight 




Vbncoat 4001 (resin component: 50%) 


6% by weight 




2-Pyrrolidone 


5% by weight 


30 


Pure water 


Balance 



Black ink A-fi 

35 





C.I. Food Black 


2% by weight 


40 


2-Pyrrolidone 


5% by weight 




Pure water 


Balance 



45 



50 
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Black ink A-fi 



Carbon black Raven 1080 


5% by weight 


Styrene/acryfic acid copolymer (dispersant) 


1% by weight 


Sucrose 


0.7% by weight 


Mafftol 


6.3% by weight 


Glycerin 


10% by weight 


2-Pyrrolidone 


2% by weight 


Ethanol 


4% by weight 


Pure water 


Balance 



20 Color ink A-1 



25 


Dye 




Cyan ink C.I. Direct Blue 86 


3% by weight 




Magenta ink C.I. Direct Red 9 


3% by weight 


30 


Yellow ink C.I. Acid Yellow 23 


3% by weight 


Liquid medium 




Vbncoat4001 (resin component: 50%) 


2% by weight 




Diethylene glycol 


10% by weight 


35 


Surfynol 82 


3% by weight 




SurfynolTG 


0.5% by weight 




Pure water 


Balance 



40 



45 



50 
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Color ink A-2 



Pigment 


Cyan ink Pigment KETBLUEEX-1 (manufac- 
tured by Daim'ppon Ink and Chemicals, Inc.) 


2% by weight 


Magenta ink Pigment KETRED 309 


2% by weight 


Yellow ink Pigment KETYELLOW 403 (manu- 
factured by Dainippon Ink and Chemicals, Inc.) 


2% by weight 


Liquid medium 


Styrene/acrylic acid copolymer (dispersant) 


0.4% by weight 


Voncoat 4001 (resin component: 50%) 


2% by weight 


Sucrose 


0.7% by weight 


Maltitol 


6.3% by weight 


Glycerin 


10% by weight 


2-Pyrrolidone 


2% by weight 


Ethanol 


4% by weight 


Pure water 


Balance 



Reaction solution A-1 



Magnesium acetate tetrahydrate 


0.5% by weight 


Diethylene glycol 


10% by weight 


Pure water 


Balance 



Reaction solution A-2 



Calcium chloride anhydride 


10% by weight 


Diethylene glycol 


10% by weight 


Pure water 


Balance 
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Reaction solution A-a 
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Dye 


Cyan ink CI. Direct Blue 86 
Magenta ink C.I. Direct Red 9 
Yellow ink C.I. Acid Yellow 23 


3% by weight 
3% by weight 
3% by weight 


Liquid medium 


Calcium chloride anhydride 

Glycerin 

Purewater 


10% by weight 
10% by weight 
Balance 



■Evaluation tests on print 

Evaluation A-1: Print quality 
25 (feathering or bleeding) 

(1) Xerox P Paper (Xerox Corp.) 

(2) Ricopy 6200 Pgper (Ricoh Co. Ltd.) 

(3) Xerox 4024 Paper (Xerox Corp.) 

(4) Neenah Bond Paper (Kimberly-Clark) 

(5) Xerox R Paper (Xerox Corp., recycled paper) 

(6) Y&mayuri (Honshu Paper Co., Ltd., recycled paper) 



35 



40 lows. 



Theresuts^eastabu^in^^ 



50 



letter blurry. 



O - Sharp print without any feathering, 
a: Feathering observed, and 
X: Remarkable feathering to render the outline of the 

Evaluation A-P- Print quality (OD) 

Evaluation A-fr Unevenness of printing 

^mTfs SS^f ^ fo,, ° Winfl . Vari0US usin « an ink & Pinter MJ-700V2C. The printing method 
the same as described above in connectton with the evaluation of the prim ^ P 9 

(1) Ricopy 6200 Paper (Ricoh Co. Ltd.) 

(2) Canon dry Paper (Canon Inc.) 
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O •" OD cfifference of less than 0.3. 

a: OD cfifference of 0.3 to less than 0.4, and 

X: OD difference of not less than 0.4. 

Evaluation *\-4: Rubbing property 



700^^^^^^™^ * -eans of an ink * printer 

25»C and 50% RH and then c2eX* S Set^J^ " ^ ^ a ""^ ^er an ervironment of 
Elated in Taa e ,,nth^^^^ 

O " No stein observed in the print, 

a: Slight stein observed in the print with the letter being still legible, and 
X. Stein observed in the print rendering the letter illegWe. 

Evaluation A-5: Color bleeding 

Wa* ink (a letter) Je^L^p^^^ m fZ^^^^ "" f du *> and *° 

the letter boundaries. In this case inSSeA 7^*?ZT to I ^ e ^ <rfun ^<^-to^lor mixing in 
duty) and the bteck ink (a lette^e^t^^ 

(1) Xerox P Paper (Xerox Corp.) 

(2) Ricopy 6200 Paper (Ricoh Co. Ltd.) 

(3) Xerox 4024 Paper (Xerox Corp.) 

(4) Neenah Bond Paper (Kimberfy-Clark) 

(5) Xerox R Paper (Xerox Corp., recycled paper) 

(6) >fernayuri (Honshu Paper Co., Ltd., recycled paper) 

The results were as tabulated in Table 1. In the table, the evaluation criteria were as follow 

?:^ c ^;^ co,or mbdn 9 observed with clear letter boundaries, 

p eather-like color-to-color mixing observed and 
X: Significant color-tcnxxor mixing observed Bering the outline of the letter blurry. 
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Example A-1 
Example A-2 
Example A-3 
Example A-4 
Example A-5 
Example A-6 
Example A-7 



Comparative 
Example A-1 

Comparative 
Example A-2 

Comparative 
Example A-3 



Comparative 
Example A-4 



A-1 

a¥ 
aT 
aT 



A-1 
AT 



A-5 
Ai" 

aT 
aT 



A-1 



A-2 



A-2 



A-1 
A-2 

"aT 

A-2 
A-2 



A-2 



A-2 

a¥ 

Pure water 



o_ 

A 
A 

o 



_o_ 

o 



1.40 
1.38 
1.42 
1.33 
1.44 



1.44 
1.43 



1.26 
1.32 
1.20 



1.33 



_o_ 
o_ 
o_ 
o_ 
_o_ 
o 



30 



_o_ 
o 



_o_ 
o 



o 



A 



Example B 

Inks were prepared in the same manner as described ab(>ve in black ink A-1. 
Back inkB-1 



50 



55 



Carbon black Raven 1080 

Styrene/acryfic acid copolymer (dispersant) 

St^i^ en ^ iC r ^' n emulslon ' resin conponent 
29,2%, MFT = about 80°C, manufactured by Nippon Paint Co., Ltd.) 

Sucrose 

Maftrtol 

Glycerin 

2-Pyrrolidone 

Ethanol 

Pure water 



5% by weight 
1% by weight 
3.5% by weight 

0.7% by weight 
6.3% by weight 
10% by weight 
2% by weight 
4% by weight 
Balance 



17 
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C.I. Food Black ~" ■ 

Voncoat 4001 (acrylic resin emulsion resin component: 50% 
= 5 ° C ' manufactured by Dainippon Ink and Chemicals, Inc.) 
2-Pyrrolidone 
Pure water 



2% by weight 
6% by weight 

5% by weight 
Balance 



is Black ink B-a 



20 



25 



30 



Carbon black Raven 1080 


5% by weight 


Styrene/acrylic acid copolymer (dispersant) 


1% by weight 


Sucrose 


0.7% by weight 


Maltftol 


6.3% by weight 


Glycerin 


10% by weight 


2-Pyrrolidone 


2% by weight 


Ethanol 


4% by weight 


Pure water 


Balance 



35 



Color ink B-1 



Pigment 



40 



45 



50 



55 



C/an ink Pigment Kb. BLUEEX-1 (manufactured by Dainippon Ink and Chemicals. Inc.) 
Magenta ink Pigment KETRED 309 (manufactured by Dainippon Ink and Chemicals. Inc ) 
Yellow ink Pigment KETYELLOW 403 (manufactured by Dainippon Ink and Chemicals Inc ) 



Liquid medium 
Styrene/acrylic acid copolymer (dispersant) 
Vbncoat 4001 (resin component: 50%) 
Sucrose 
MaltrtoJ 
Glycerin 
2-Pyrrolidone 
Ethanol 
Pure water 



2% by weight 
2% by weight 
2% by weight 



0.4% by weight 
2% by weight 
0.7% by weight 
6.3% by weight 
10% by weight 
2% by weight 
4% by weight 
Balance 
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Reaction soliitinn r.1 



10 



Magnesium acetate tetrahydrate " 

Surfynol 104 (manufactured by Air Products and Chemicals Inc.) 



Diethylene glycol 
Pure water 



2% by weight 
0.1% by weight 
10% by weight 



Reaction snhitfan R-? 



15 





Calcium chloride anhydride 


2% by weight 




Diethylene glycol monobutyl ether 


20% by weight 




Diethylene glycol 


10% by weight 




Pure water 


Balance 



Reaction solution R-3 



30 



35 



Calcium chloride anhydride 


5% by weight 


Glycerin 


10% by weight 


Pure water 


Balance 



Reaction snl^n fla 



40 





Dye 


45 


Cyan ink CI. Direct Blue 86 


3% by weight 




Magenta ink CI. Direct Red 9 


3% by weight 




Yellow ink CI. Acid Yellow 23 


3% by weight 


50 


Liquid medium 




Calcium chloride anhydride 


5% by weight 




"methylene glycol monobutyl ether 


10% by weight 


55 


Surfynol 465 
Glycerin 
Pure water 


1% by weight 
10% by weight 
Balance 



19 
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Evaluation tests n n print 

5 

Evaluation B-1: Print quality (feathering) 

The evaluation was performed in the same manner as described above in Evaluation A-1 . 

10 Evaluation B-P Print g. .glfty (pp) 

The evaluation was performed in the same manner as described above in Evaluation A-2. 
Evaluation frfc Unevenness of printing 

©: OD difference of less than 0.2, 

20 O:ODG5fferenceof0.2tolessthan0.3 ( and 
a: OD difference of not less than 0.3. 

Evaluation FM: Rubbing property 
25 ™* equation was performed in the same manner as described above in Evaluation A-4. 



30 



40 



45 



50 



55 



20 
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Evaluation B-5- Color bleeding 

The evaluation was performed in the same manner as described above in Evaluation A-5. 



10 



15 



20 



25 



30 





Black 
ink 


Color 
ink 


Reaction 
solution 


Evaluation 
1: Feather- 
ing 


Evaluation 
2:OD 


Evaluation 3: 
Unevenness 
of printing 


Evaluation 
4: 

Rubbing 
resistance 


cvaiuauun o. 

Color bleed- 
ing 


Example B- 
1 


B-1 


- 


B-1 


O 


1.42 


© 


o 




Example B- 
2 


B-1 


- 


B-2 


O 


1.42 


® 


o 


- 


Example B- 
3 


B-1 




B-3 


o 


1.42 


O 


o 


- 


Example B- 
4 


B-2 


- 


B^2 


A 


1.33 


© 


o 




Example B- 
5 


B-1 


B-1 


B-2 


' o 


T42 


© 


o 


' o 


Example B- 
6 


B-1 




&4 


o 


1.42 


© 


o 


o 


Compara- 
tive Exam- 
ple B-1 


B-3 




B* 


A 


1^ 


A 


X 




Compara- 
tive Exam- 
ple B-2 


B-1 


B-1 




A 


1.33 


A 


o 





40 



Example c 

Inks were prepared in the same manner as described above in black ink A-1. 



50 



55 



21 



Black ink C-1 



EP 0 739 743 At 



Carbon black MA7 (manufactured by Mitsubishi Kasei Corp.) 

Styrene/acrylic acid copolymer (dispersant) 

Voncoat 4001 (acrylic resin emulsion resin component: 50%, 

MFT = 5°C, manufactured by Dainippon Ink and Chemicals, Inc.) 

Sucrose 

Maltftol 

Glycerin 

2-Pyrrolidone 

Ethanol 

Pure water 



5% by weight 
1% by weight 
50% by weight 

0.7% by weight 
6.3% by weight 
10% by weight 
2% by weight 
4%byweight 
Balance 



.Black ipk C-2 



Carbon black Raven 1080 (manufactured by Columbian Carbon) 
Styrene/acrylic acid copolymer (dispersant) 

Microgel E-5002 (styrene/acrylic emulsion, resin component: 29 2%, 
MFT = about 80°C, manufactured by Nippon Paint Co., Ltd.) 
Sucrose 
Maftrtol 
Glycerin 
2-Pyrrolidone 
Ethanol 
Pure water 



5% by weight 
1% by weight 
0.35% by weight 

0.7% by weight 
6.3% by weight 
10% by weight 
2% by weight 
4% by weight 
Balance 



22 
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Black ink n-a 



Carbon black Raven 1080 


5% by weight 


StVTGnfi/aCrvlic acifi mnnh/mar Mimnm n *u\ 

■7 iwovi /no auu wjpuiyrnef loispersant) 


1% by weight 


Microgel E-5002 


3.5% by weight 


Sucrose 


0.7% by weight 


MaititoJ 


6.3% by weight 


Glycerin 


10% by weight 


2-Pyrrolidone 


2% by weight 


Ethanol 


4% by weight 


Pure water 


Balance 



20 

Back ink Q-4 



25 


C.I. Food Black 


2% by weight 




Vbncoat 4001 


6% by weight 




2-Pyrrolidone 


5% by weight 


30 


Pure water 


Balance 



Black ink Q£ 

35 





CI. Food Black 


2% by weight 


40 


2-Pyrrolidone 


5% by weight 




Pure water 


Balance 



45 



50 



23 
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Carbon black Raven 1080 


5% by weight 


Styrene/acrylic acid copolymer (dispersant) 


1% by weight 


Sucrose 


0.7% by weight 


Martrtol 


6.3% by weight 


Glycerin 


10% by weight 


2-Pynrolidone 


2%byweight 


Ethanol 


4% by weight 


Purewater 


Balance 



Dye 


Cyan ink CI. Direct Blue 86 
Magenta ink C.I. Direct Red 9 
Yellow ink C.I. Acid Yellow 23 


3% by weight 
3% by weight 
3% by weight 


Liquid medium 


Vbncoat 4001 (resin component: 50%) 

Diethylene glycol 

Surfynol82 

SurfynolTG 

Purewater 


2% by weight 
10% by weight 

3% by weight 
0.5% by weight 
Balance 



24 
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Color ink C-g 



10 



15 



20 



Pigment — ■ 


Cyan ink Pigment KETBLUEEX-1 (manufactured by 
Dainippon Ink and Chemicals, Inc.) 

Magenta ink Pigment KETRED309 (manufactured by 
Dainippon Ink and Chemicals, Inc.) 

Yellow ink Pigment KETYELLOW403 (manufactured by 
Dainippon Ink and Chemicals, Inc.) 


2% by weight 
2% by weight 
2% by weight 


Liquid medium 




Styrene/acrylic acid copolymer (dispersant) 

Voncoat 4001 (resin component: 50%) 

Sucrose 

Maltrtol 

Glycerin 

2-Pyrrolidone 

Ethanol 

Pure water 


0.4% by weight 
2% by weight 
0.7% by weight 
6.3% by weight 
10% by weight 
2% by weight 
4% by weight 
Balance 



30 Reaction snl.iHnn r-i 



35 



40 



Polyallylamine PAA-CH3COOH-L (resin component 
25%, manufactured by Nitto BoseW Co., Ltd) 
Diethylene glycol 
Pure water 



2% by weight 

10% by weight 
Balance 



Reaction soyfapJcg 



so 



Polyallylamine PAA-HQ-3L (resin component: 50% 
manufactured by Nitto Boseki Co., Ltd) 

Diethylene glycol 

Pure water 



20% by weight 
10% by weight 



55 



25 
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Reacti n solutionis 



w 



15 



Dye 


Cyan ink C.I. Direct Blue 86 
Magenta ink C.I. Direct Red 9 
Yellow ink C. I. Acid Yellow 23 


3% by weight 
3% by weight 
3% by weight 


Liquid medium 




Polyallyiamine PAA-10C (resin component: 
10%, manufactured by Nrtto Boseki Co., Ltd) 
Glycerin 
Pure water 


30% by weight 

10% by weight 
Balance 



E^'uatipntfi^ on print 
25 Evaluation C-1 ; Print quality (feathering) 

Tne evaluation was performed in the same manner as described above in Evaluation A-1 . 
Evaluation (>9- Print quality (OD) 

30 

The evaluation was performed in the same manner as described above in Evaluation A-2. 
Evaluation C-3: Unevenness of printing 

» The evaluation was performed in the same manner as described above in Evaluation A-3. 
Evaluation C-a Rubbing property 

„ ^« evaluation was performed in the same manner as described above in Evaluation A4. 



45 



50 



55 



26 
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Evaluation C-5: Color bleeding 



The evaluation was performed in the same manner as described above in Evaluation A-5. 

Table 3 





Black 
ink 


Color 
ink 


Reaction 
solution 


Evaluation 
1: Feather- 
ing 


Evaluation 
2:OD 


PwqIi |ft_ 

tion3: 
Uneven- 
n ess of 
printing 


evaluation 
4: 

Rubbing 
resistance 


Evaluation 
5: 
Color 
bleeding 


Example C-1 


C-1 


- 


C-1 


O 


1.46 


o 


O 


„ 




Lr-«£ 




C-2 


A 


1.36 


o 


O 




Example C-3 


C-3 


- 


C-2 


o 


1.42 


o 


O 


_ 


Example C-4 


r»A 




C-2 


A 


1.32 


o 


O 




Example C-5 


C-1 


C-1 


C-2 


o 


1.44 


o 


O 


A 


Example C-6 


C-1 


C-2 


C-2 


o 


1.45 


o 


O 


o 


Example C-7 


C-1 




C-3 


o 


1.43 


o 


O 


A 


Comparative 
Example C-1 


C-5 




35 


X 


156 


A 


A 




Comparative 
Example C-2 


C-6 




C-2 


A 


1.30 


X 


X 




Comparative 
Example C-3 


C-1 


C-2 




A 


1.33 


X 


X 


X 



70 



75 



20 



30 



35 



Example D 

Inks were prepared in the same manner as described above in black ink A-1. 
Black ink D-1 



40 



50 



55 



Carbon black MA7 (manufactured by Mitsubishi Kasei Corp.) 

styrene/acrylic acid copolymer ammonium salt (molecular weight 
7,000. resin component: 38%; dispersant) 

Grandoll PP-1000 (manufactured by Dainippon Ink and Chemicals. 

Inc., styrene/acrylic resin emulsion, resin component: 45%) 

Mattitol 

Glycerin 

2-Pyrrolidone 

DUCK ALGIN NSPLL (sodium alginate manufactured by KIBUN 
FOODCHEMIFA CO., LTD.) 

Ion-exchanged water 



5% by weight 
3% by weight 

7% by weight 

7% by weight 
10% by weight 
2% by weight 
0.1% by weight 



27 



Black ink D-2 
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10 



15 



Carbon black Raven 1080 (manufactured by Columbian Carbon) 
Styrene/acrylic acid copolymer ammonium salt (molecular 
weight: 7,000, resin component: 38%; dispersant) 

Voncoat 5454 (manufactured by Dainippon Ink and Chemicals, 

Inc., styrene/acrylic resin emulsion, resin component: 45%) 

Sucrose 

Glycerin 

Sodium alginate 

Ion-exchanged water 



5% by weight 
3% by weight 

5% by weight 

10% by weight 
10% by weight 
0.2% by weight 
Balance 



20 



Black ink D-a 



30 



35 



40 



Carbon black MA 100 (manufactured by Mitsubishi Kasei Corp.) 

Styrene/acrylic acid copolymer ammonium salt (molecular 
weight: 7,000, resin component: 38%; dispersant) 

SG-60 (manufactured by Grfu Shellac Manufacturing Co., Ltd. 

styrene/acrylic resin emulsion, resin component 41 %) 

Sucrose 

Glycerin 

Sodium alginate 

Diethylene glycol 

ton-exchanged water 



8% by weight 
5% by weight 

8% by weight 

5% by weight 
10% by weight 
0.05% by weight 
5% by weight 
Balance 



Black ink D-4 



45 



50 



55 



Carbon black MA7 (manufactured by Mitsubishi Kasei Corp.) 
Styrene/acrylic acid copolymer ammonium salt (molecular 
weight: 7,000, resin component: 38%; dispersant) 
Grandoll PP-1000 (manufactured by Dainippon Ink and Chemi- 
cals, Inc., styrene/acrylic resin emulsion, resin component: 45%) 
MaWtol 
Glycerin 
2-Pyrrolidone 
Ion-exchanged water 



5% by weight 
3% by weight 

7% by weight 

7% by weight 
10% by weight 
2% by weight 
Balance 



28 
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Color ink D-1 





Cyan ink Pigment Kt rBLUEX-1 (manufactured by Dainippon Ink and 
Chemicals. Inc.) 


2% by weight 


10 


Magenta ink Pigment KETRED 309 (manufactured by Dainippon Ink 
and Chemicals, Inc.) 


2% by weight 




Yellow ink Pigment KETYELLOW 403 (manufactured by Dainippon 
Ink and Chemicals, Inc.) 


2% by weight 


15 


Liquid medium 






Styrene/acrylic acid copolymer ammonium salt (molecular weight 
7,000, resin component: 38%; dispersant) 


1.5% by weight 


20 


Grandoll PP-1000 (manufactured by Dainippon Ink and Chemicals, 
Inc., styrene/acrylic resin emulsion, resin component 45%) 


7% by weight 




Maltrtol 
Glycerin 
2-Pyrrolidone 
Sodium alginate 
Ion-exchanged water 


7% by weight 


25 


10% by weight 
2% by weight 
0.1% by weight 
Balance 



30 



35 



C^QTtnkD-2 



An cyan ink composition, a magenta ink composition, and a yellow ink cornoosition were nronaroH f™, ^ 
^cc.oramsandr^rnediunvAcornb^onofthesecokxinL 



40 



45 



50 



Cyan ink Copper phthalocyanine Magenta ink 

C.I. Pigment Red 122 Yellow ink 

CI. Pigment Yellow 17 Liquid medium 

Styrene/acrylic acid copolymer ammonium salt (molecular 
weight: 7,000, resin component: 38%; dispersant) 

Voncoat 5454 (manufactured by Dainippon Ink and Chemicals, 

Inc., styrene/acrylic resin emulsion, resin component: 45%) 

Sucrose 

Glycerin 

Sodium alginate 

Ion-exchanged water 



2% by weight 
3% by weight 
2% by weight 
1.5% by weight 

5% by weight 

10% by weight 
10% by weight 
0.2% by weight 
Balance 



Color ink D-q 



color 



An ink imposition was prepared in the same manner as described above in connection with the DreDararion «f th* 
r.nkD-2,exceptthatsodiuma fe inatewasnotused.Tne 
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Reaction soluti n n.i 

5 
10 

Reaction solution Q£ 

15 
20 
25 

Reaction solufi^n n.fl 

30 
35 
40 

Reaction solution 

45 
50 
55 
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Magnesium nitrate hexahydrat 
Triethylene glycol monobutyl ether 
Glycerin 

Ion-exchanged water 


25%byweight 
5% by weight 
20% by weight 
Balance 




Calcium nitrate tetrahydrate 
Triethylene glycol monobutyl ether 
Glycerin 

Triethylene glycol 
Ion-exchanged water 


10% by weight 
10% by weight 
10% by weight 
0.9% by weight 
Balance 



Magnesium acetate tetrahydrate 
Triethylene glycol monobutyl ether 
Glycerin 

Ion-exchanged water 


20% by weight 
10% by weight 
10% by weight 
Balance 




Calcium nitrate tetrahydrate 
Triethylene glycol monobutyl ether 
Glycerin 
Triethanolamine 
Ion-exchanged water 


5% by weight 
10% by weight 
20% by weight 
0.9% by weight 
Balance 



30 



10 
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Evaluation teste nn print 
Evaluation D-1- Circularity 

Epson Corporal). '"tr^StE!^^ * Seiko 

cuBriywrnedotethusformedbylhemkcomposAonwasdete^ 

Q'rcularity = 4>cS/(L a ) 

O : Circularrly of 1 to 0.9 for both papers, 
a: Circularfty of 0.9 to 0.8 for any one of or both the papers, and 
X: Circularity of less than 0.8 for any one of or both the papers. 

The results were as tabulated in Table 4. 
-Evaluation D-?: Print quality (feathering) 

* The — performed in the same manner as described above in connection with the evaluation A-1 . 

Evaluation D-a Color bleeding 

The eva.ua.ion was performed in the same manner as described above * connection with the eva.uation A-5. 
30 Evaluation D-4- Print g, .nifty (q D ) 



75 



20 



35 



a^e^^ 
Sprints was measured wr^^^ 



40 



SO 



Table 4 





Black 
ink 


Color 
ink 


Reaction 
solution 


Evaluation 1: 
Circularity 


Evaluation 
2: Feathering 


Evaluation 3: 
Color bleeding 


Evaluation 
4:OD 


Example D-1 


D-1 


D-1 


D-1 


O 


O 


O 


1.58 


Example D-2 


D-2 


D-1 


51 


O 


O 


O 


1.55 


Example D-3 


D-3 


D-2 


D-3 


O 


O 


O 


1.54 


Example D-4 


D-1 


D-2 


D-4 


O 


O 


O 


1.55 


Example D-5 


D-4 


D-3 


D-1 


A 


O 


O 


1.44 


Comparative 
Example D-1 


D-1 


D-2 




A 


O 


X 


1.35 * 



Example E 

55 
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membrane filter. composition at room temperature by means of suction through a 5-um 



Reaction solution f-1 



Magnesium nrtrate hexahydrate (magnesium nitrate: 14.5% by weight) 
Triethylene glycol monobutyt ether 
Glycerin 
Pure water 


25% by weight 
10% by weight 
14.5% by weight 
50.5% by weight 


Wetting agent/salt = 1 .00 — 





Reaction snhiHnn F-9 



Calcium nitrate tetrahydrate (cateium nitrate: 8.2% by weight) 
Triethylene glycol monobutyl ether 
Diethylene glycol 
Pure water 


12% by weight 
10% by weight 
25% by weight 
53% by weight 


Wetting agent/salt = 3.05 





Reaction s olution F-fl 



Magnesium acetate tetrahydrate (magnesium acetate: 10% by weight) 

Triethylene glycol monobutyl ether 

Triethylene glycol 

Maftrtol 

Sucrose 

Pure water 


15% by weight 
8% by weight 

10% by weight 
5% by weight 
2% by weight 

60%byweight 


Wetting agent/salt ■ 1.70 — — 





32 



Reaction solution F-4 
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Calcium acetate monohydrate (calcium acetate: 7.1% by weight) 
Triethylene glycol monobutyl ether 
1.5-Pentanediol 
Pure water 


8% by weight 
5% by weight 
15% by weight 
72% by weight 


Wetting agent/salt = 2.11 ' " 





15 

Reaction soMkaif^ 



Magnesium acetate tetrahydrate (magnesium acetate: 10% by weight) 
"methylene glycol monobutyl ether 
1.4-Butanediol 
Pure water 


15% by weight 
5% by weight 
22% by weight 
58% by weight 


Wetting agerrt/saft = 2.2 ' 





30 

Black inkE-1 



35 



40 



50 



Carbon black MA7 (manufactured by Mitsubishi Kasei Corp.) 
Styrene/acrylic acid copolymer (dispersant) 
Voncoat 4001 (acrylic resin emulsion, resin component: 50%, 
MFT = 5°C, manufactured by Dainippon Ink and Chemicals, Inc.) 
Sucrose 
MaHitol 
Glycerin 
2-Pyrrolidone 
Ethanol 
Pure water 



5% by weight 
1% by weight 
30% by weight 

0.7% by weight 
6.3% by weight 
10% by weight 
2% by weight 
4% by weight 



TTie ink was prepared in the same manner as descrtoed above in black ink A-1 . 
Evaluation tested 

& The above reaction solutions were evaluated as follows. 
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Evaluation E-i Precipitation of salt 



Evaluation E-2: Clogging property 

Evaluation E-q- Curling of paper 

(1) Xerox P (Xerox Corp.) 

(2) Xerox R (Xerox Corp.) 

(3) Xerox 4024 (Xerox Corp.) 

(4) Yamayuri (Honshu Paper Co., Ltd.) 

(5) Conqueror (Arjo Wiggins) 

flat surface, from the top of the cur. was measured and equated basedTthe SSS^SS contact with the 

<§>: Distance of 0 to 10 mm, and 
O : Distance of 10 to 20 mm, 



15 



20 



30 



Table 5 



40 



Example 


Evaluation 3: Curling of paper 




After 1 hr 


After24hr 


E-1 


® 


O 


E-2 


® 


® 


E-3 


® 


O 


E-4 


© 


O 


E-5 


® 


® 



50 



Evaluation Eh4: Feathering of print 
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Example F 
Black inkF-1 



10 



15 



20 



Carbon black MA7 (manufactured by Mitsubishi Kasei Corp.) 
Styrene/acryfic acid copolymer (dispersant) 

Voncoat 4001 (acrylic resin emulsion resin component: 50%, 

MFT = 5°C, manufactured by Dainippon Ink and Chemicals. Inc.) 

Sucrose 

MaHrtol 

Glycerin 

2-Pyrrolidone 

Ethanol 

Pure water 



5% by weight 
1% by weight 
30% by weight 

0.7% by weight 
6.3% by weight 
10% by weight 
2% by weight 
4% by weight 
Balance 



25 



30 



The ink was prepared in the same manner as described above in black ink A-1 



Reaction snhif fr p f-^ 



35 



Magnesium nitrate hexahydrate 


25% by weight 


"methylene glycol monobutyl ether 


10% by weight 


Glycerin 


20% by weight 


Triethanolamine 


0.9% by weight 


Pure water 


Balance 



Reaction gpjujjpn r-9 



so 



55 



Magnesium nitrate hexahydrate 


5% by weight 


Triethylene glycol monobutyl ether 


10% by weight 


Glycerin 


10% by weight 


Triethanolamine 


0.9% by weight 


Pure water 


Balance 



35 
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Reaction solution F-a 



5 


Magnesium acetate tetrahydrate 


20% by weight 




Trietnylene glycol monobutyl ether 


10% by weight 




Glycerin 


10% by weight 


10 


Pure water 


Balance 



Reaction solut ion F-4 

75 





Calcium nitrate tetrahydrate 


10% by weight 


20 


Trietnylene glycol monobutyl ether 


10% by weight 




Glycerin 


10% by weight 




Triethanolamine 


0.9% by weight 


25 


Pure water 


Balance 



Reaction solufon F-* 

30 





Calcium lactate pentahydrate 


2% by weight 


35 


Trietnylene glycol monobutyl ether 


10% by weight 




Glycerin 


20% by weight 




Triethanolamine 


0.5% by weight 


40 


Pure water 


Balance 



Reaction solution f-k 

45 





Calcium formate anhydride 


5% by weight 


50 


Trietnylene glycol monobutyl ether 


10% by weight 




Glycerin 


20% by weight 




Triethanolamine 


0.9% by weight 


55 


Pure water 


Balance 



36 



Reaction solution F-7 
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w 



Magnesium benzoate trihydrate 


2% by weight 


Triethylene glycol monobutyl ether 


10% by weight 


Glycerin 


10% by weight 


Triethanolamine 


0.5% by weight 


Pure water 


Balance 



75 



Reaction solution F-ft 



20 



25 



Calcium chloride anhydride 


10% by weight 


Triethylene glycol monobutyl ether 


10% by weight 


Glycerin 


20% by weight 


Triethanolamine 


0.9% by weight 


Purewater 


Balance 



30 



Reaction snhifcyi F-o 



35 



40 



Magnesium sulfate heptahydrate 


10% by weight 


Triethylene glycol monobutyl ether 


10% by weight 


Glycerin 


20% by weight 


Triethanolamine 


0.9% by weight 


Purewater 


Balance 



55 



.Evaluation tests on print 
Evaluation F-1 : Print quality (feathering) 

The evaluation was performed in the same manner as described above in Evaluation A-1 excent that «h* , 
was earned outatade^ 

Ey^hafipjiF^: Print quality (OD) 



> printing 



37 
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Evaluation F-3: Unevenness of printing 

The evaluation was performed in the same manner as described above in Evaluation A-3. 
s Evaluation F-4- Clogging property 

=£35^ 

,„T and 25% Rh for one week to one month. Thereafter, the printing of alphanumeric characters was 

{Q/. u to 2 times, 
O- 3 to 5 times, and 



10 



15 



20 



25 



30 



Table 6 



Example 


Reaction 
solution 


Evaluation 
1: Feather- 
ing 


Evaluation 
2:OD 


Evaluation 3: 
Unevenness 
of printing 


Evaluation 4: Clogging prop- 
erty 












1 week 


2 weeks 


1 month 


F-1 


F-1 


O 


1.54 


O 


® 


© 


® 


F-2 


F-2 


O 


1.41 


A 


® 


® 


® 


F* 


F-3 


O 


1.55 


o 


® 


® 


® 


F-4 


F4 


O 


1.46 


o 


® 


® 


® 


F-5 


F-5 


A 


1.37 


o 


® 


© 


o 


F-6 


F^6 


o 


1.43 


o 


® 


© 


o 


F-7 


F-7 


A 


1.36 


A 


® 


© 


® 


F-8 


F-8 | 


o 


1.55 


o 


O 


X 


X 




F-9 


o 


1.41 


A 


O 


X 


X 



40 



45 



Example G 



50 



55 



f 

Reaction snliiti nft.i 
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Magnesium acetate tetrahydrate 

Surfynol 465 (manufactured by Air Product and Chemicals, Inc.) 
Diethylene glycol 
Pure water 


2% by weight 
0.8% by weight 
10% by weight 
Balance 


Viscosity: 1.6 mPa.s — 
Surface tension: 29 mN/m 





Reaction solution 



Calcium chloride anhydride 


2% by weight 


Diethylene glycol rnonobutyl ether 


20% by weight 


Diethylene glycol 


10% by weight 


Pure water 


Balance 


Viscosity: 3.6 mPas 




Surface tension: 32 mN/m 





Reaction solution fi-a 

i 



Calcium nitrate tetrahydrate 


5% by weight 


"methylene glycol rnonobutyl ether 


10% by weight 


Surfynol 465 


1% by weight 


Glycerin 


10% by weight 


Pure water 


Balance 


Viscosity: 2.6 mPa.s 




Surface tension: 31 mN/m 





Reaction solution c±a 



10 



15 



Black ink G-1 
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Calcium chloride anhydride 


2% by weight 


Glycerin 


35% by weight 


1-Propano| 


10% by weight 


Pure water 


Balance 


Viscosity: 5.8mP&s 




Surface tension: 35 mN/m 





20 



25 



30 



C.I. Food Black 2 ~ " 

Voncoat 4001 (acrylic resin emulsion, resin component: 50%, 
MFT = 5°C, manufactured by Dainippon Ink and Chemicals, Inc.) 
2-Pyrrolidone 
Pure water 



Viscosity: 1.6 mPa.s 
Surface tension: 55 mNAn 



2% by weight 
6% by weight 

5% by weight 



Black ink 



40 



50 



55 



Carbon black Raven 1080 " ~ 

Styrene/acrylic acid copolymer (dispersarrt) 

^P^El 5002 (styrene/acrylic resin emulsion, resin component: 

29.2%, MFT = about 80°C, manufactured by Nippon Paint Ca, Ltd.) 

Sucrose 

MaftHol 

Glycerin 

2-Pyrrolidone 

Ethanol 

Pure water 



Viscosity: 3.6 mPa.s 
Surface tension: 50 mN/m 



5% by weight 
1% by weight 
3.5% by weight 

0.7% by weight 
6.3% by weight 
10% by weight 
2% by weight 
4% by weight 
Balance 



40 



Black inkG-3 
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10 



15 



Carbon black Raven 1080 — 
Styrene/acryllc acid copolymer (dispersant) 

Microgel E-5002 (styrene/acrylic resin emulsion, resin component: 

29.2%, MFT = about 80°C. manufactured by Nippon Paint Co., Ltd.) 

Martrtol 

Glycerin 

1-Propanol 

Pure water 



Viscosity: 2.6 mPas 
Surface tension: 40 mN/m 



5% by weight 
1% by weight 
3.5% by weight 

3% by weight 
10% by weight 
5% by weight 



20 



Black inkG-4 



30 



35 



40 



Carbon black Raven 1 080 ~ ~~ 
Styrene/acrylic acid copolymer (dispersant) 

Microgel E-5002 (styrene/acrylic resin emulsion, resin component: 

29.2%, MFT = about 80°C, manufactured by Nippon Paint Ca, Ltd.) 

Martrtol 

Glycerin 

Pure water 



Viscosity: 5.8 mPa.s 
Surface tension: 58 mN/m 



5% by weight 
1% by weight 
3.5% by weight 

15% by weight 
10% by weight 



Evaluation t ests on print 

Evaluation G-1 : Print quality (feathering) 

45 

Tbe evaluation was performed in the same manner as described above in Evaluation A-1. 
Evaluation G-2: Print quality (OD) 

so The evaluation was performed in the same manner as described above in Evaluation A-2. 
Evaluation Q-fl: Unevenness of printing 

The evaluation was performed in the same manner as described above in Evaluation B-3. 



55 



41 
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Evaluation &4: Rubbing property 

The evaluation was performed in the same manner as described above in Evaluation A-4. 



Example 


Reaction 
solution 


Black 
ink 


Evaluation 
1: Feathering 


Evaluation 
2:OD 


Evaluation 3: Uneven- 
ness of printing 


Evaluation 4: 
Rubbing resistance 


G-1 


G-1 


G-1 


A 


1.33 


© 


O 


G-2 


G-2 


G-2 


o 


1.42 


r ® 


O 


G^3 


G-3 


G-3 


o 


1.42 


© 


O 


Gh4 


G-4 


Gh4 


o 


1.45 


o 


A 



10 



15 



20 



Example H 
Black ink H-1 



30 



40 



45 



Carbon black Raven 1080 (manufactured by Columbian Carbon) 
Styrenefeoylic acid copolymer (dispersant) 

^tf^ ( ^ en ^ iC resin miA ^ resi " component: 
29.2%, MFTs about 80°C, manufactured by Nippon Paint Co., Ltd.) 

Sucrose 

MaHitol 

Glycerin 

2-Pyrrolidone 

Ethanol 

Pure water 



5% by weight 
1% by weight 
10% by weight 

0.7% by weight 
6.3% by weight 
10% by weight 
2% by weight 
4% by weight 



2 e ji^ T ^' m ^^ Q manner as described above in black ink A-1 
of suction through as^ii^^ 



50 



55 



Magnesium nitrate hexahydrate (magnesium nitrate: 14.5% by weight) 



Triethylene glycol monobutyl ether 
Glycerin 
Pure water 



25% by weight 
10% by weight 
14.5% by weight 
Balance 



42 
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Evaluation te sts on print 



10 



15 



20 



30 



35 



fJ?£™^ C Tl e l OUt °" * e WIWin9 Vari0US W* 8 °** m ink i* «*"** MJ-700V2C (manufactured by Seiko 

Papers for printing test: 

(1) Xerox P Paper (Xerox Corp.) 

(2) Ricopy 6200 Paper (Ricoh Co. Ltd.) 

(3) Xerox 4024 Paper (Xerox Corp.) 

(4) Neenah Bond Paper (Kimberly-Clark) 

(5) Xerox R Paper (Xerox Corp., recycled paper) 

(6) Y&mayuri (Honshu Paper Co., Ltd., recycled paper) 

The heating temperature and method were as follows. 

Example H-1 : The print was passed over a heat roller of 150°C at 10 cm/sec 

Example H-2: Warm air of 170°C was blown against the print 

The resultant prints were evaluated for the rubbing resistance and the print quality as follows 
mann^ 

manner as in Example H-1 and then evaluated in the same manner as in Example H-1. 
Evaluation H-1 : Rubbing resistance test (line marking resistance) 

ub^L^ilSfLr 8 8 ^"-te™ y#l°» fluorescent marker pen (ZEBRA PEN 2 (trademark)) man- 

O : No stain created by marking twice. 

X- ^^^^^"T" 06 some ^ stained by marking twice or more, and 
a. borne paper stained by marking once. 

Evaluation H-g: Print quality (OD) 



40 



45 



Table 8 





Reaction 
solution 


Black 
ink 


Heat 
temp. 


Evaluation 1 : 
Rubbing resistance 


Evaluation 
2:OD 


Example H-1 


H-1 


H-1 


150°C 


O 


1.44 


Example H-2 ~~~ — • 


H-1 


H-1 


170°C 


O 


1.44 


Comparative Example H-1 




H-1 


150°C 


X 


1.22 



50 



Claims 



^ r^Sng 22? C ° mPriSln9 theSteP ° f deP0Sitin9 f^^ona^ an ink^bnpbsition onto a 

55 wherein the reaction solution comprises* polyvalent m«al salt, and 

wherein the ink composition comprises a pigment and a resin emulsion. 



2 " ^S^um g meth ° d COmpri6in9 the 01 depositin 9 a reaction solution and an ink 



composition onto a 
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wherein the reaction solution comprises a polyallyiamine or a derivative thereof, and 
wherein the ink composition comprises a colorant and a resin emulsion. 

wherein the reaction solution comprising a polyvalent metal salt, and 

wherein the ink composition comprises a colorant and an alginic acid derivative. 

7 ' £££ nSl" 9 meth ° d C ° mPrfein9 *• " P - deP0SHin9 3 feaCti0n «**" "* ink "'"position onto a 
wherein the ink composition comprises a colorant and a resin emulsion. 

9 ' J^SEJT" aCCOrt,in9 todaim70f * ^ *» ink COm P° sitio " cooprtees no, .ess than 10% 
1 °' re^SSSS 9 ^ C ° mPrfein9 theStep °' de P° s «"9 « reacts ^ ^ „, ink composHfon ^ g 
S n and e ^ 

wherein the ink composition comprises a colorant and has a surface tension of not more than 40 to 55 mN/m. 

13 - ^SnSJ 9 ^ C ° mPffein9 ^ * dePOSitin9 3 reaCtk>n Solution ^ 30 ink onto a 

« wherein the reaction solution comprises a polyvalent metal salt, and 

wherein the ink composition comprising a colorant, water, and an emulsion of a thermoplastic resin 

'" eth °f comprising the step of heating the recording medium with the ink conposition deposited 
thereon to the softening temperature of the thermoplastic resin or a higher temperature. 

50 " ^^S^^^l^^ 10 13> " herain * e ^ of heatir^ is carried o^t a given period after 
the deposition of the droplets of the ink composition onto the recording medium. 

1& t^e^es^r"* 09 ^ **" 13> ***** ***** temperatUre * * — *• 

55 

16 " ITni^i!^^" 9 "T? aCCOfdin9 to anv <* daiT« 1 to 15, wherein the polyvalent metal sail is composed 
of nrtnc acid .on a a salt of caiboxylic acid ion and polyvalent metal ion. composed 



30 



imN/m, and 

35 
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^Lt j ^^r ,h0d aCCOrdin9 to daim 16 ' wherein * e i****** *<** ion is derived from a saturated 
jS^Z^fT^*' ^ 1 10 6 "*"• ^ W"* a hydrogen atom(s) on the slSted^S 



mono- 



70 



20. The ink jet recording method according to any one of claims 1 to 1 5, wherein the reaction solution is a color ink™ 
taming a colorant selected from yellow, cyan, and magenta colorant * a color ink cen- 



ts 21. The ink jet recording method according to any one of claims' 1 to 15. wherein the 



etrating agent 



reaction solution contains a pen- 



20 



r 

R3 C C==C- 



R2 



R4 



30 



35 



40 



OH2 
OH2 
O 



CH2 
OH2 



( r ) 



o 

H n 



group. 



wherein 0 s m + n s 50 and R 1 , R 2 , R 3 , and R 4 each independently represents an alkyt 

23 ' d^^nST^ 3 !S WdinS to ^ any one of claims 1 to 15. wherein the reaction solution is first 
« cleposrted onto the recording medium and the ink composition is then deposited onto the record^ ™Zt 

24 " d^jfJT^" 9 T* to C ' aim "» 008 rt daims 1 to 15 - "»^«n the ink composition is first 

deposrted onto the recording medrum and the reaction solution is then deposited onto the recoSnXn 

so 

26. A printed medium obtained by an ink jet recording method according to any one of claims 1 to 15. 
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28 - 

29.TT,ereactkx,solutkx 1 accortin fl todaim27or28.wher e ,n 

W - n «"*W a Ppr te to 80 ink i« fecordinfl method wherein a reaction solution and an ink 

composibon are deposited onto a recording medium, comprising: an ,nk 

means for depositing a reaction solution onto a recording medium- 
l^meS^^ 

heating means for heating the recording medium with the droplets of the ink conposifion deposited thereon. 

c^s^ToSd a ;i fa lS n9 wherein a reacfion sofofion and an ink 

conpos^are deposited onto a recording medium, wherein the reaction solution and the ink composition is 
a^modated in the apparatus ,n such amourrts that thein^ 

M ' fen^fJ^T" 1 *? In 80 inkiet feC0,din9 apparatus ^ Practicing an ink jet recording method wherein a reac- 
toon solution and an ink composition are deposited onto a recording medium emoawnerem a reac 

ink composition is used up earlier than the reaction solution. ««n» marine 

33. The ink tank according to claim 32, which is integral with an Inkjet recording head. 
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F I 6. 4 
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